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State Renewable 
Portfolio Standards



Renewable Energy 
Picture
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Biomass Power 9,733 megawatts 
(MW) in 2002

5,886 MW of forest 
product and 
agricultural residues
3,308 MW of 
generating capacity 
from MSW
539 MW of other 
capacity such as 
landfill gas

Classes:
Direct-fired
Co-fired

» Co-mingled
» Separate injection

Single largest source of non-
hydro renewable power



Biomass Firing

Direct-firing
Number of small grate-fired units, common 
in pulp& paper industry
Schiller – 50MW Fluidized Bed – wood

Co-firing
Bailley – 475 MWe cyclone – wood
Willow Island – 188 MWe cyclone –
wood
Seward/Albright – 150 MWe T-fired 
– wood
Gadsden – 70 MWe T-fired –
switchgrass
Ottumwa – 725 MWe T-fired –
switchgrass
Dunkirk – 100 MWe T-fired – wood 
(poplar)
Gadsden – 70 MWe T-fired – wood
Mitchell – 150 MWe T-fired –
switchgrass
Polk – 250 MWe IGCC - wood
Greenidge – 110 MWe T-fired –
wood

Black & Veatch, EUEC 2008.



Biomass Processing Building

Yard Bin

Wood Delivery

Collision Mill Size Reduction

Success Story: AES Greenidge
- Biomass Processing



• Began co-firing work in 1996                                             
as a member of the Salix Consortium.

• Greenidge Station was one of the first cofiring demonstrations 
in the United States participating in the Biomass Power for 
Rural Development Program.

• Unit 4 continues cofiring activities at Greenidge.

• Greenidge continues to lead renewable energy efforts 
partnering with NYSERDA, USDOE, USDA, and USDOI.

AES Greenidge
Station



Issues to Consider

Fuel collection, handling, 
storage and preparation

Performance
Heat transfer/balance
Combustion stability
Slagging/fouling

Emissions
Carbon Dioxide
Sulfur Oxides
Mercury
Fine Particles
Nitrogen Oxides

Other
Catalyst impacts
Flyash properties
Corrosion
Economics
Policy



NOx Fundamentals
Fuel NOx

Thermal NOx

Prompt NOx



Fuel NOx

Fuel NOx from pyrolysis products
Fuel nitrogen content
Pyrolysis yield (coal rank)
Preferential nitrogen release Molina, PhD Thesis (2002)
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É Ill (22 sept)-1.28 wt%N

7 Ill (18 sept)-1.61 wt%N

F Utah (13 sept)-1.14 wt%N

H K.R. (26 oct)-0.46 wt%N

P K.R. (31 oct,1 nov)-0.51 wt%N

2 Black Thunder-0.48 wt%N

Fuel NOx from char 
oxidation

Char yield
NOx in gas-phase



NOx Emissions: Grate-
fired Boilers

Reisinger et al. (1996)



Secondary Secondary 
Air LevelAir Level

Temperature [°C]

Increasing Regulation 
of Industrial Boilers

2 sec @ >850 2 sec @ >850 ººC C 
under oxidizing under oxidizing 
conditionsconditions

NOx emissions:NOx emissions:

Fuel N of 0.03% Fuel N of 0.03% –– 138 138 
mg NOx/Nmmg NOx/Nm33, dry, dry

Fuel N of 1.0%  Fuel N of 1.0%  –– 845 845 
mg NOx/Nmmg NOx/Nm33, dry, dry



Biomass Injection 
Strategies Southern 

Research Institute 
facility designed 
to reproduce pc 
boiler conditions

Injection 
Strategies

Co-milled
Separate center 
injection

Detailed CFD 
modeling with 
biomass-specific 
submodels



NOx Measurements 
during Testing
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Near Burner 
Velocity Profile 
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Full-scale 
Application

150 MW front wall-fired boiler

16 Low NOx burners in 4 elevations and 
OFA

Co-firing scenarios
7% Green Wood Chips based on total heat 
input.
Separate  center injection

» Multifuel burners in “C” row.
» Mulitifuel burners at center 2 locations in B, and C 

rows

Determine operational impacts
NOx Reduction
carbon-in-flyash
CO

A

B

C

D



Modeling Results



NOx Concentration

BaseBase C RowC Row CenterCenter



Wood Particle Paths

Mean location Mean location 
of a 3.85 mm of a 3.85 mm 
Particle Particle 
trajectorytrajectory

C Row C Row 
Equivalence Equivalence 

RatioRatio



NOx Distribution
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Cyclone Co-firing

Coal Ash Fusion Temperatures
T250 2350°F
T80 2500°F

Coal Wood
Volatile 
Yield 36.6% 48.5%

Fixed 
Carbon 48.3% 7.7%

Density 84 lb/ft3 18 lb/ft3

Coal Wood 5% Co-Fire 10% Co-Fire 15% Co-Fire

C 70.70% 28.12% 64.91% 60.09% 56.00%

H 4.71% 3.52% 4.55% 4.41% 4.30%

O 5.39% 24.37% 7.97% 10.12% 11.94%

N 1.31% 0.07% 1.14% 1.00% 0.88%

S 2.65% 0.06% 2.29% 2.00% 1.75%

ash 7.74% 0.39% 6.74% 5.91% 5.20%

H2O 7.50% 43.47% 12.39% 16.47% 19.92%

HHV 13,945 Btu/lb 4,667 Btu/lb 12,684 Btu/lb 11,632 Btu/lb 10,742 Btu/lb

Blend Fuel Composition



5% Wood 10% Wood 15% Wood 
Co-Fire Co-Fire Co-Fire

Temperature 2332° F. 2355° F. 2354° F. 2363° F.

CO 
Concentration 3761 ppm 4876 ppm 4951 ppm 5373 ppm

O2 
Concentration 3.48% 3.41% 3.48% 3.40%

NOx 0.41 MBtu/hr 0.41 MBtu/hr 0.40 MBtu/hr 0.38 MBtu/hr

Carbon in Fly 
Ash 69% 62% 58% 56%

Fraction Ash 
Escaping 15% 17% 20% 20%

Total Wall Heat 
Transfer 694,741 Btu/hr 694,659 Btu/hr 669,966 Btu/hr 639,127 Btu/hr

Coal Only

Furnace Exit 
Predictions

Vertical Exit 
Plane

Predicted furnace exit NOx and carbon in fly ash decrease with 
wood co-firing

The fraction of ash escaping the furnace, CO concentration, and 
temperature increase with wood co-firing

Wall heat transfer decreases with increasing fraction of wood co-
firing (the decreased sooting propensity of wood vs. coal results in 
less radiative heat transfer to the walls)
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